ABSTRACT

Introduction
There are few data on the acceptability of vaccination or blood sampling during Ramadan fasting month in Muslim countries. This could impact vaccination campaigns, clinical trials or healthcare during Ramadan.
Methods
Using a semi-structured questionnaire, we conducted a cross-sectional study on 201 practising Muslims and 10 religious leaders in Conakry, Guinea in the wake of the recent epidemic Ebola epidemic. Acceptability of vaccination and blood sampling during Ramadan were investigated as well as reasons for refusal. that blood should not be seen during Ramadan (9%) and that the Quran explicitly forbids it (9%).
Results
Vaccination was judged acceptable during
Discussion
Although most Muslims leaders and scientists consider that injections including immunization and blood sampling should be authorized during Ramadan, many Muslims in our study judged vaccination or blood sampling unacceptable when fasting. Widely available recommendations on healthcare during Ramadan would be useful to inform Muslims.
INTRODUCTION
Ramadan is the ninth month of the Islamic calendar and for Muslims worldwide a month of fasting. From dawn to sunset during Ramadan, Islam prescribes that Muslims must refrain from consuming food, drinking liquids or smoking. The general rule is that nothing should enter the body during the days of Ramadan month. Medical exemptions exist and the ill are allowed to take their treatment and eat if fasting is incompatible with their medical condition. These exemptions are most often granted after consulting local religious leaders. However, many Muslims with medical conditions insist on fasting during Ramadan. A multicenter international survey in 12 June 2016, thus inclusions were expected to take place during Ramadan. We chose the neighborhood of Nongo to realize this study as it was the expected place of the PREVAC clinical trial site at the time.
Nongo is a popular neighborhood in Conakry with more than 19,000 residents.
We randomly selected a sample of mosques from the Nongo neighborhood and approached religious leaders by going directly to the mosques and asking to meet the Imam and muezzin.
Information was collected during individual meetings with religious leaders. For the second group of practising Muslims we conducted individual meetings with people in Nongo. Investigators chose a sample of well-known meeting places in the neighborhood of the future site of PREVAC and approached people randomly asking if they would like to participate in a survey. Gathering places included markets, meeting points and bus stops. We chose this community-based approach to achieve a representative sample of Muslims. We assumed that going only to the mosque could lead to a bias towards the most practising Muslims.
A team of 5 West African anthropologists conducted all the interviews over a 2 weeks' period.
Interviews were conducted in French or in local languages. We chose West African investigators to conduct the interviews to minimize answers being biased by mistrust towards outsiders. In the context of the recent Ebola crisis, it was difficult to judge which ways a Caucasian investigator could influence Guinean answers on their religious practices and vaccination. The investigators had been specifically trained for this study with 4 senior anthropologists from the PREVAC study. An interview guide, written and reviewed by the PREVAC anthropologist team was used for each interview. The investigators approached religious leaders and Muslims saying that they were conducting a study on Islam practices related to health in Guinea.
Survey instrument
Anthropologists used the same semi-structured questionnaire for every participant in this study, religious leaders or practising Muslims. This questionnaire was developed and validated by the blood sampling with open-ended questions. There were no limits to the number of justifications given by each participant. They also recorded the conditions necessary to the acceptation of vaccination and blood sampling. Then, the interviews were typed out and translated into French.
Analysis
We calculated that we needed 180 participants to evaluate the proportion of practising Muslims accepting vaccination with a 90% confidence level, a 5% desired precision and an estimated proportion of 80%.
Qualitative data from open-ended questions about reasons or conditions for acceptation or refusal were analyzed by the anthropologist team [RO, SF, FL, VKM]. Lists of reasons or conditions given for acceptation or refusal of vaccination and blood sampling were compiled in matrices.
Responses were then coded into categories using a mixed deductive (categories included in the interview guide) and inductive (categories created from the analysis of the interviews) approach.
categories.
Data Main results on vaccination and blood sampling acceptability are presented in Table 2 Based on open-ended questions, we found 5 categories for vaccination acceptation, 5 for vaccination refusal, 2 for blood sampling acceptation and 5 for blood sampling refusal. The justifications given by participants are presented in Table 3 . The most common reasons given for accepting vaccination or blood sampling during Ramadan were that the Quran did not forbid it (46%), that health should have priority (39%), and that a vaccine is not given via the mouth (14%). The most common reasons for refusal of vaccination or blood sampling were that nothing should enter or leave the body during Ramadan (43 %), that adverse events could lead to breaking the fast (32 %), that blood should not be seen during Ramadan (9%), that the Quran explicitly forbade it (9%) and that a vaccine had nutritive properties (7%). No participant declared opposition to vaccination in general as a reason for refusal of vaccination during Ramadan.
The conditions that were judged necessary to the acceptation of vaccination were coded in two categories. Of the 93 participants that judged vaccination acceptable, 23 (27%) said that they would accept it if predicted side effects could not lead to breaking the fast and 1 if the vaccine has no nutritive properties. The conditions that were judged necessary to the acceptation of blood sampling were coded in two categories. Of the 108 participants that judged blood sampling acceptable, 28
(26%) said that they would accept it if a small volume was sampled and 24 (22%) if predicted side effects could not lead to breaking the fast.
DISCUSSION
Our results indicate a lack of popular consensus as to whether vaccination or blood-drawing were allowed during Ramadan as well as the reasons thereof. Whereas 80% of interviewed religious leaders judged that both vaccination and blood sampling were allowed during Ramadan, only 40% of Muslims shared their opinion in our study. Vaccination alone was judged acceptable by only 46% of practising Muslims and blood sampling by 54%. This belief could hinder immunization and healthcare during Ramadan in Muslim countries.
When we compared the acceptability of vaccination alone or blood sampling alone during Ramadan we found no significant difference between religious leaders and practising Muslims. This lack of difference may be explained by the low numbers of participants that were included in our study or by a lack of belief difference between the two groups. However, we found that the proportion of religious leaders judging both vaccination and blood drawing acceptable during Ramadan (80%) was statistically more important than the proportion of practising Muslims (40%) (p= 0.048). This result seemed relevant in the context of our survey as we wanted to evaluate the proportion of potential participants that would accept to be enrolled in a clinical trial involving both vaccination and blood drawing. Thus, we may hypothesize that religious leaders could help to promote the acceptability of vaccination and blood sampling during Ramadan. However, due to the limitations of our survey, the difference that we observed between religious leaders and practising Muslims is only suggestive of potential belief difference between the two groups.
One of the main strengths of our survey is that it was not connected to a specific vaccination As we recorded opinions on vaccination and blood sampling during Ramadan in general, including healthcare, extrapolation of these findings specifically to clinical trials should be made with caution. It is possible that fewer people would be willing to be vaccinated or sampled in a clinical trial as, depending on the design, the benefit could appear less evident for the participants and the religious arguments for immunization could be less numerous 9, 24 . On the other hand, financial incentives to participate in a clinical trial could increase acceptability 25, 26 . Another survey could be conducted to answer this question in the specific context of a clinical trial. Nevertheless, our survey shows that Ramadan should be anticipated in the preparation of any clinical trial taking place in a country with potential Muslim participants. Interpretation of the results of such clinical trials could be rendered difficult because of participants refusing to continue treatment or to be sampled.
It is important to note that this study was realized during the last weeks of the Ebola epidemic in Guinea. As described elsewhere 27, 28 , Ebola has been the source of many rumors and much reticence among the population, especially concerning vaccination 29 . In this study, we chose to study vaccination and blood sampling in general and not only related to Ebola. The responses we collected are likely to have been influenced by the recent Ebola crisis. Many Guineans have been directly in contact with Ebola or Ebola survivors and one of the most successful vaccine clinical trials, the WHO's "Ring" trial, took place in Guinea 13 . Guineans know that Ebola vaccines were tested during the Ebola To better understand why participants would judge vaccination and blood sampling to be allowed or not during Ramadan, we systematically asked the participants about the reasons for their choice. About a third of participants that would refuse vaccination and blood sampling said that it was because potential side-effects could lead to breaking the fast. In the same way, a quarter of the participants that judged vaccination and blood sampling acceptable said that they would do so only if side-effects could not lead to breaking the fast. Although such events cannot be excluded for vaccination, side-effects of vaccines and their frequency should be clearly explained to patients.
Potential side-effects of blood sampling should also be explained to patients and they should be reassured about the fact that it could not lead to breaking the fast. As discussed in an article about religions and vaccines, Muslim principles prescribe that immunization to prevent disease should not lead to side effects of the same magnitude as the disease 9 . It should also be explained that a vaccine has no nutritive properties and should not be considered as breaking the fast. About half of the participants that would refuse vaccination and blood sampling said that nothing should leave or enter the body during Ramadan or that the Quran forbids it. This is in contradiction with the opinion of 8 of the 10 religious leaders that we interviewed and with the opinion of religious scientists and leaders who defined guidelines during the second medico-religious international conference on health and Ramadan 11 . It is notable that these recommendations do not seem to be known by either religious leaders or practising Muslims as no participant of this study mentioned them. It may be explained by the fact that these recommendations are not easily accessible or because Islamic rulings are not always widely held to be authoritative by practising Muslims 9 . Some participants (10%) that accepted vaccination justified it by the fact that a vaccine was an injection. This is interesting as it means that oral vaccines (e.g. oral poliovirus vaccines) could be less acceptable to Muslims during Ramadan. We did not find in our study any participants that refused vaccination because they believed it contained pork or birth control drugs, which were alleged reasons for refusal found in other studies 9, 30, 31 . Even if this was not the goal of our study, it is interesting to note that no participant in this survey seemed to be opposed to vaccination in general as the reasons given for refusal were all related to Ramadan. Although recommendations that allow vaccination and any health-related procedures during Ramadan exist, they were not known to Muslims participating in our study. The fact that 49% of the participants of our study said they would refuse to be vaccinated or sampled pleads for the drafting of widely accessible health-related guidelines and recommendations for Muslims. These could be approved by Muslim leaders and scientists and would be a crucial asset for the education and information of Muslims all over the world. The drafting of such recommendations could be an important objective for future international conferences on health and Ramadan. 
